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1 Introduction

The use of different redundancy versions (RVs) for successive repetitions of PDSCH or PUSCH transmissions was previously discussed including in RAN1#80. One relevant agreement is the following:
Agreements:
· For ‘physical channel(s) carrying UL data’ repetition (including different RVs) for Rel-13 low complexity MTC UEs with a coverage enhancement mode, the following techniques are supported
· Multiple-SF channel estimation

· Frequency hopping over system bandwidth across subframes
· Network can enable or disable the hopping
· FFS details of configuration

· FFS on other techniques

Using different RVs in successive repetitions of a PDSCH/PUSCH transmission can improve BLER and it is also used for PUSCH bundling for legacy UEs [1]. 

This contribution discusses the trade-offs from using different RVs for repetitions of PDSCH transmissions and the impact on the low cost UE receiver complexity. 

2 Combining Retransmissions for Low Cost UEs
Alternatives for combining retransmissions of a data TB include using chase combining (CC) and incremental redundancy (IR). The tradeoff of IR over CC is the improved BLER at the expense of a larger receiver buffer size. For legacy UEs, improved performance outweighs the increase in the receiver buffer size as the associated cost is not significant relative to the total cost. For low cost UEs, as the operating conditions can often significantly diminish (to the point of elimination) BLER gains and as receiver cost is a more important consideration than for legacy UEs, the use of IR over CC should be reassessed. 

Performance Aspects

For low cost UEs, the comparison between IR and CC needs to consider the data TBS, the code rate, and the associated low cost UE receiver complexity, especially in conjunction with repetitions for inter-subframe DMRS interpolation. This is because for small data TBS or for relatively low code rates (e.g. 1/2 or less), as it is typically the case for PDSCH transmissions to low cost UEs especially in coverage enhanced operation, the difference between systematic bits and parity bits in different RVs is small. In such cases, the performance difference between IR and CC is marginal (e.g. [2, 3]). One exception is the SIB where both the data TBS and the code rate can be large. However, given the infrequent transmission of large SIBs to low cost UEs, especially ones in coverage enhanced operation that have limited/no mobility and require most SIB repetitions, it is questionable whether optimizations to the SIB BLER requiring increased low cost UE receiver complexity are justified. 

Figure 1 from [3] presents the spectral efficiency for QPSK with code rate 1/2 for CC and IR. It can be observed that the difference between CC and IR is negligible. 
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Figure 1: Spectral Efficiency for CC and IR for QPSK and code rate 1/2.
UE Receiver Complexity Aspects

CC allows the low cost UE receiver to combine repetitions of the data TB on a symbol level prior to decoding. For repetitions, data symbol combining can be at the I/Q symbol level prior to demodulation. For repetitions in the same frequency band (e.g. 6 RBs), DMRS combining can also be at the I/Q symbol level and a single demodulation operation is needed.

IR does not allow data combining at the I/Q symbol level. Instead bit-level combining needs to occur after demodulation at the LLR level. Therefore, a 2x buffer size is needed (QPSK modulation). Moreover, a separate demodulation operation is potentially needed for each repetition. For RV cycling among successive repetitions, a separate buffer is needed for each RV as combining needs to be at the LLR level (total buffer size increases with each IR transmission). 
In summary, IR requires buffering of (soft) bits while CC requires buffering of (soft) symbols, IR buffer increases with each IR transmission and, for repetitions with DMRS combining across subframes, IR requires 4 demodulation operation while CC requires a single demodulation operation and IR requires a separate buffer of soft bits for each RV. Nevertheless, for repetitions, the increase in demodulation operations and the separate buffering for each RV can be avoided if RV cycling is performed per number of subframes where DMRS is combined.

Based on the above analysis, three options can be considered. A first option is to support IR for PDSCH transmissions to low cost UEs but this will be at the expense of incurring an associated receiver complexity increase for little or no benefit to spectral efficiency. A second option is to support both CC and IR as in HSPA and leave it to the UE implementation. This option will require a low cost UE to inform the eNB of its implementation and will also require that SIB transmissions do not use IR. A third option is to support only CC for low cost UEs. This option will incur some spectral efficiency loss for low cost UEs experiencing high SINRs where a large TBS with a large code rate can be used. However, such low cost UEs will not be many (e.g. considering 1 Rx) and DL traffic will typically consist of small packets (both due to the nature of applications for low cost UEs and due to the restriction for reception within 6 RBs). 
Proposal 1: Discuss further whether IR should be supported for low cost UEs.

Proposal 2: If IR is supported for low cost UEs, discuss further whether/how to use IR for repetitions of a PDSCH transmission.

3 Conclusions

This contribution considered the performance and low cost UE receiver complexity tradeoffs between the use of IR and the use of CC for HARQ PDSCH retransmissions and for repetitions of a PDSCH transmission to low cost UEs. In particular, the following are proposed.
Proposal 1: Discuss further whether IR should be supported for low cost UEs.

Proposal 2: If IR is supported for low cost UEs, discuss further whether/how to use IR for repetitions of a PDSCH transmission.
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